STAT 2509A
Testit1
SOLUTION

1. An experiment was conducted to examine the weight gain for chickens treated with
various doses of a growth promotant. From a group of 15 chickens of approximately the
same age and weight, a random assignment of three chickens was made to each dose
group. The specified dose (mg/kg) of growth promotant was added to the feed daily for
a fixed period of time. Weight gains (in pounds) are shown below:

Dose 0 0 0 0.2 0.2 0:2 0.4 0.4 0.4

Weight | 1.5 1.8 14 2.3 2.0 1.8 4.3 3.7 4.1

Dose 0.8 0.8 0.8 1.6 1.6 1.6

Weight | 5.7 59 6.2 7.9 Tl 7.5

Dy =641 Yx=9
Y y?= 353.50 3 x2= 102
> xy,= 57.26

Nl zd
(a) The response variable, y , is: weight gain of chickens
[1] (b) The explanatory variable, x, is: growth promotant dose ' ‘x J
(B8] (c) State a SLR model making sure you give all assumptions necessary for
statistical inference.

Model: y=2,+ fx+¥; n=15

Assumptions: (i) x’s are observed without error— (7~ L

(ii} y’s (or ¢’s) are mdependently‘d_tstrlbuted w;th mean E(y) =, + ﬁl
(or E(£)=0) 7 e

(iii) variance of y’s (or ¢’s} is c_:onstant o’ for all X’s
(iv) y~ N(E(y), ) for any value of x (or ¢ ~ N(O o ) for any value of x)

e f

(d) Find the least squares estimates of 5, and §, . Find the least squares fitted
regression line.
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Bo=y-pr=it_pli |81 (3.916667)(2) = 4.273333 — 3.916667(0.6) =
n n | 15 15
E\ [ //!
=1.923333=1.923
. the least squares fitted regression line is given by: $=1.923+3.917x

Assuming no violations of the assumptions, answer the following questions:

(e) Find s?, an estimate of o2 .
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—0.464308

s =+/s% = 0.681401




(f) Use the t-test to test whether there is a significant linear relationship between
the growth promotant dose and the weight gain of a chicken. Use « = 0.10.

Hy: =0 /| a=010=a/2=0.05
H:p=0 \ \ [/
N B 3.916667

test-statistics: /= _ =
cesranistes t /S, 0.681401/V4.8

R.R: we reject H,if { <, , =5 =-1771 (7 [}

ori>t,,, , = IOGSJ} 1 771
5

k F /9 )
Since t=12.59315> >1.771, we rejec\f‘H and conclude that at 10% level of significance

there is an ev:dence to say th tthe growth promotant/dosa and weight gain of chickens

are linearly related. t; ol )

L

(9) Find a 90% confidence interval for the true population slope, 5, .

1-a=090= a=0.10= a/2=0.05

B e (ﬁl_ram_zﬁ—] (3916667+10051306814(y ) (391666741 771(0311016))-

= (3.916667 + 0.550809) = (3.365858,4. 467475) (3 366,4. 467) \

i.e. We are 90% confident that in repeated sampling the true value of the population slope
would lie in the interval (3.366 , 4.467).

N
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[23]  (h) Complete the following ANOVA table and hence test whether there is a
significant linear relationship between the growth promotant dose and the weight
gain of a chicken. Use e = 0.10.

7SS = S = _95523_3 (given; also calculated in part (e))
SSE = 5_9_3_5 {calculated in part (e))

L 2
SSR=TSS - SSE _

13_6_3_3_3_3 (also calculated in part (e))

e

MSR = §—‘f£ =\13_6113§




SSE _6.036 94.4:6_43!1& (=s’, calculated in part (e))

MSE =
-2 05
MSR ( 3\

= ——= 158, L

oE - 128.5674 \ [
Source df. SS \ MS F N\
Regression 1\ 73.63333 |/ 73.63333'' | 158.5874 | '~
Error 13 (V) 6.036 (/| 0.464308/
Total 14 ) 79.66933 ~

I

Hy: =0 [ a=0.10

H:p=0 \ () (7

test-statistics: [ :ﬂ{%’i: 1 3 74
MSE

4

/

R.R: we reject Hif F e Py = Fum(1 1) = 314
Since F=158. 5874@/3 14, we reject H; Land conclude that at 10% level of significance

there is an evidence to say th“'f‘fﬁé’gﬁiwth promotant dose and weight gain of chickens /
are linearly related. e

N

(i) Find the values of the coefficient of correlation, r, and coefficient of
determination, /, and interpret their meanings in this problem. What is your
conclusion about the model?

N S 18.8

- 0.961372 = 96.14°
\/Smsw " J@8)79.66933)

i.e. the growth promotant dose and weight gain of chickens are sxrongly positively
correlated (related) with the strength of their relationship of 96.14%. L/

, SSR (D
P =200 0.924237 = 92.42%
7SS .

i.e. approximately 92.42% of the total variation in the data is explained by the regr. Iiné“x\_:ﬁ,’/"
(and only 7.58% is due to error). l.e. model is a good fit. /-

.

() Find a 95% Confidence Interval of the average weight gain of chickens with the
growth promotant dose of 1.5 mg/kg.




95% C.\. for E(y) when x, = 1.5:
y=1.923333 + 3. 916667(1 5)= 7 798333 and.- l—a 0.95=a=0.05=a/2=0.025

O VS i

\ i

-

{ j; " :
~E(y)e [5’ it:];n_zs i+ ijg_ﬁ)i] = {7 798333 % fy5 (0. 681401)\/ (15_06)~J

4.8

xx

=(7.798333 £ 2 160(0\306143)) (7.798333 £ 0. 714127) (7 084207.8. 51246) =

\L/
= (7 084.8. 512)
i.e. We are 95% confident that in repeated sampling the average weight gain of chickens
who were administered a growth promotant dose of 1.5 mg/kg would be between 7.084
and 8.512 Ibs. 8 /

s
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(k) Find a 95% Prediction Interval of the weight gain of a chicken who was administered
the growth promotant dose of 1.5 mg/kg.

95% P.I. for y when x, = 1.5:
y=1.923333 + 3.916667(1.5) = 7798333 and 1-a=095=a=005= a/2 =0.025
£

LL/ — _ |
Lye [,ﬁ - ta/g.nzs\f1 L M] = [7_793333 1, 05.,3(0.681401)\j1 4 % 2 (1-5_0-6)] _

e

g X 4.8

= (7.798333 % 2. 160(0‘75737253)) (7.798333 + 1. 635925) (6 162408.9. 434258) =

s S S —

[P ————

i.e. We are 95% confident that in repeated sampling the weight gain of a chicken who was
administered a dose of growth promotant of 1.5 mg/kg would be between 6.162 and 9. 434

Ibs. \J
2. Refers to question 1.
. - e P ¥
Dose x, Weight gain y, n, i Z(y’if _ y’_)
J
0 128 LB "l.F k) 1.6666667 0.0466666
0.2 232018 3 2.0333333 0.1266666
04 43 3.7 4.1 3 4.0333333 0.1866666
0.8 57 59 6.2 3 5.9333333 0.1266666
1.6 797775 3 7.7 0.08




(a) Decompose SSE into the sum of squares due to the pure error, SSPE, and
sum of squares due to the lack of fit, SSLF.

Hint. SSPE=33(y, -7, ) = 0.5666664
i

>x=9 Yx=102 Y =641 > y7=35359  x,y =57.26

Solution:
(L
SSE = SSPE + SSLF

.
i g’

S
SSE =S, ——* = 6.036 (calculated in Q.1(e))

e

SSPE - 05666664 (given) | |

.. SSLF =SSE — SSPE = 5.469334 \/

¥4

N

(61 (b) Test whether the linear model y= g, + fix+¢ is appropriate.
Use o =0.05.

y=p,+pPx+e, a=0.05

H, : model is appropriate J \ ,
H , : model is not appropriate
|.. " \.‘

' g1 f‘i(n ~2)= ¥, = 1)}

test-statistics: F = 2oLF _ _ 5.469334/(13-10) _
MSFE SSPE/ Y-  0.5666664/10
1.823111 ([
=200 L 3217257
0.05666664 2wkt

_ , _ B el )
R.R: we reject HD! |fF > F“("-ZWZ(,"--*UZ -1y = Foosaao) = 3TN~

Since F=32.17257>3.71, we reje\c% , and conclude that at 5% level of significance
there is enough evidence to say that a linear model is not appropriate.

I J/ A
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3. State which violations of the SLR model (if any) are indicated by each of the following
residual plots. Give reasons for your answer.
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. Violatlon of the assumpt;on of constant variance, since the residuals are

”"‘i\ s )

3] (b}

FREQUENGY : R ——
60
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Residual

()

e Violation of the assumptlon of errors being normally distributed, since the

histogram of errors is noTﬁe!I—shaped nor is it symmetrlc (it is negatively skewed)




(c)

Violation of i mdepend&fé (or linearity), since we have a curve- Ilnear pattem

(d)

(1
No violations, since residuals are randomly scattered arou
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